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Background and Purpose Cerebral venous flow obstruction (CVFO) is a fatal complication 
of traumatic brain injury. To compare the outcomes of patients with CVFO secondary to trau- 
matic-brain-injury-induced transsinus fracture who were diagnosed early versus those diagnosed 
late in the therapeutic course. 

Methods In total, 403 patients with transsinus fracture were reviewed retrospectively. The pa- 
tients were divided into an early-diagnosis group («=338) and a delayed-diagnosis group (n=65). 
The patients submitted to 2D time-of-flight magnetic resonance venography (2D-TOF MRV) 
and/or CT venography (CTV), depending upon the findings of intracranial pressure monitoring, 
in order to identify potentially complicated CVFO. These examinations took place within 3 days 
of the onset of malignant intracranial hypertension symptoms in the early-diagnosis group, and 
after an average of 7 days in the delayed-diagnosis group. Once diagnosed, patients received in- 
travenous thrombolytic therapy with low-dose urokinase. Patients with massive transsinus epi- 
dural hematoma, depressed fracture, or cerebral hernia were treated surgically to relieve the com- 
pression and repair any damage to the venous sinuses. 

Results Cerebral venous flow obstruction was much more severe in the delayed-diagnosis 
group than in the early-diagnosis group (p<0.001), and hence patients in the former group were 
given a higher dose of urokinase (_><0.001) for thrombolytic therapy. They were also significant- 
ly more likely to need surgery (48.1% vs. 20.6%, p=0 .003) and had a higher mortality rate (37.0% 
vs. 4.1%,/><0.001). However, patients in both groups experienced a similarly favorable progno- 
sis, not only with regard to functional outcome but also with respect to neuroradiological im- 
provement, as evaluated by 2D-TOF MRV/CTV at the final follow-up (p=0.218). 

Conclusions Delayed diagnosis can result in increased risk of surgery and death in the acute 
phase. Thrombolytic therapy with low-dose urokinase resulted in promising improvements in 
both functional and neuroradiological outcomes in all of the patients in this study, regardless of 
the time to diagnosis. J Clin Neurol 2013;9:259-268 

Key Words traumatic brain injury, transsinus fracture, transsinus epidural hematoma, 

cerebral venous flow obstruction, urokinase, two-dimensional time-of-flight 
magnetic resonance venography. 



Introduction 

Cerebral venous flow obstruction (CVFO), which comprises 

@ This is an Open Access article distributed under the terms of the Cre- 
ative Commons Attribution Non-Commercial License (http://creative- 
commons.org/licenses/by-nc/3.0) which permits unrestricted non-com- 
mercial use, distribution, and reproduction in any medium, provided the ori- 
ginal work is properly cited. 



cerebral venous sinus thrombosis (CVST) and nonthrombotic 
cerebral venous sinus stenosis (CVSS), is an uncommon con- 
dition characterized by hemodynamic deterioration in the ce- 
rebral venous or dural sinuses, and in rare instances in the cor- 
tical veins. 1 Decades of effort has successfully reduced the 
mortality of CVFO, the level of which has varied greatly in 
previous studies, from 20-78% to 4.39-10%. 2 " 4 This condition 
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is estimated to account for 0.5-1% of all strokes, regardless 
of the underlying predisposing etiology. 2,5 However, its prev- 
alence increases significantly with the accumulation of risk 
factors, including traumatic brain injury. 1 - 6 

Traumatic brain injury can cause CVFO by either extravas- 
cular factors such as direct compression or endothelial damage 
to venous sinuses induced by skull fracture or intracranial he- 
matomas, or by intravascular factors such as hypercoagulable 
states produced by traumatic blood loss and excessive applica- 
tion of dehydration therapy with mannitol. 7 ' 8 The raised clini- 
cal awareness of this condition and improvements in neurora- 
diologic techniques mean that nowadays increasing numbers 
of CVFOs are diagnosed at a relatively early phase. A previous 
study found that CVST occurred in 40.7% of patients with 
blunt head trauma who had skull fractures extending to a dural 
venous or jugular bulb, and that the CVST was occlusive in 
55% of these patients. 9 However, with the exception of pro- 
gressive headache and vomiting due to persistent intracranial 
hypertension, CVFO lacks typical clinical symptoms, and this 
means that many patients with CVFO are diagnosed late or 
even misdiagnosed, and are consequently subjected to unnec- 
essary surgical procedures and prolonged morbidity. 

While digital subtraction angiography (DSA) was original- 
ly considered the gold standard for the diagnosis of CVFO, 
the most widely used noninvasive techniques for evaluating 
the dural sinuses and cerebral veins today are magnetic reso- 
nance venography (MRV) techniques. 10 These techniques in- 
clude 2D time-of-flight (TOF) MRV, 3D-TOF MRV, phase- 
contrast MRV, and phase-sensitive imaging MRV. Since it is 
easy to perform and does not require administration of a con- 
trast agent, 2D-TOF MRV is commonly used for assessing the 
cerebral venous sinuses." Furthermore, CT venography (CTV) 
is often used as an adjuvant imaging method to reduce the 
probability of potential false-positive results that may occur 
with 2D-TOF MRV and to increase the accuracy of CVFO di- 
agnosis, since some patients have congenitally normal varia- 
tions in the cerebral venous flow pattern. 

Based on the hypothesis that early diagnosis and manage- 
ment of CVFO would result in a more favorable prognosis, 
repeated 2D-TOF MRV and/or CTV were used in the present 
study to evaluate traumatic -brain-injury patients with a high 
risk of CVFO, and the curative effects of systematic throm- 
bolytic therapy with low-dose urokinase were analyzed. 

Methods 

Patients 

The medical records of 403 patients with traumatic brain in- 
jury who had transsinus fracture at sites with a high risk of 
CVFO (including simple transsinus linear fracture, transsi- 



nus fracture and transsinus epidural hematoma, transsinus de- 
pressed fracture) were reviewed. All of the patients or their 
guardians provided written informed consent to participate in 
this study. The patients were divided into an early-diagnosis 
group and a delayed-diagnosis group to enable a comparative 
study. Scores on the Glasgow Coma Scale (GCS), Injury Se- 
verity Scale (ISS), and Glasgow Outcome Scale (GOS) were 
available for all patients. The early-diagnosis group comprised 
338 patients who were admitted to our hospital between Jan- 
uary 2006 and December 2010, while the delayed-diagnosis 
group comprised 65 patients who were admitted to our hos- 
pital between January 2004 and December 2005. Briefly, pa- 
tients in the early-diagnosis group underwent daily lumbar 
puncture for intracranial pressure (ICP) monitoring. The con- 
traindications for lumbar puncture include 1) obvious ob- 
structed circulation of cerebrospinal fluid and 2) brain hernia. 
In 234 and 30 patients in the early- and delayed-diagnosis 
groups, respectively, ICP was recorded via lumbar puncture. 
Plain CT and/or MRI scans were carried out in patients who 
suffered from deteriorated clinical signs or symptoms or 
whose ICP persistently increased by 50-100 mmlTO/day or 
remained at a high level (above 300 mmH20) for at least 3 
days despite conventional dehydration therapy with mannitol 
(25 g, intravenous, twice per day) in order to preclude aggra- 
vated or new cerebral hemorrhages or cerebral edema. If 
there were no lesions in addition to the primary lesions, po- 
tential CVFO was suspected and CTV and/or MRV exami- 
nations were performed. After the diagnosis of CVFO, which 
usually occurred within 3 days after admission, patients were 
given systematic thrombolytic therapy with low-dose uroki- 
nase. Unlike patients in the early-diagnosis group, those in 
the delayed-diagnosis group did not receive CTV/MRV ex- 
aminations until there were manifestations of malignant in- 
tracranial hypertension, such as impaired consciousness or 
even coma, which occurred at an average of 7 days after ad- 
mission. The detailed diagnostic and therapeutic schedules 
are presented in Fig. 1 . 

CTV/MRV examinations 

The 2D-TOF MRV was performed using a 3.0-T or 1 .5-T su- 
perconductive magnetic resonance scanner with a standard 
head coil (NOVUS, SIEMENS, Erlangen, Germany). Scan- 
ning was conducted twice, bilaterally at 15°. 1112 Some patients 
underwent repeated 2D-TOF MRV and CTV to reduce the 
false -positive rate associated with 2D-TOF MRV. Patients 
were excluded if 1) they developed central respiratory or cir- 
culatory failure due to a severe disease condition, 2) they had 
unstable vital signs, 3) they were unable or refused to submit 
to 2D-TOF MRV, 4) they had no symptoms of high ICP in- 
cluding headache and vomiting, 5) an additional CTV exami- 
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Traumatic brain injury patients with transsinus fractures 



Early diagnosis group 



Delayed diagnosis group 



1 . Daily LP for at leart 3 days 

2. Dehydration therapy if ICP >270 mmhfeO 



1 . Intermittent LP 

2. Dehydration therapy if ICP >270 mmhfeO 




1 . ICP increases 50- 1 00 mmhkO/day 

2. ICP >300 mmHjO for persistent 3 days 




Non-changed primary lesions 



CT/MRI 



1 . New intracerebral hematoma 

2. Aggravating cerebral edema 

3. Brain hernia 



Non-changed primary lesions 



Consider other conditions 



Dehydration therapy or decompressive surgery 



Enhanced dehydration therapy 



Persistent high ICP 



Clinical suspicion of CVFO 



»- CT/MRV •* 



Clinical suspicion of CVFO 



Diagnosis of CVFO 



Thrombolysis with systematic urokinase 



Normalizing ICP 



Fig. 1. Diagnostic and therapeutic flow chart for patients in the early-diagnosis and delayed-diagnosis groups. CVFO: cerebral venous flow 
obstruction, ICP: intracranial pressure, LP: lumbar puncture, MRV: magnetic resonance venography, UK: urokinase. 



nation revealed a patent sinus, or 6) they did not have increased 
ICP or symptoms despite having a thin transverse sinus on 
one side. 

Criteria for the diagnosis of CVFO 

Cerebral venous flow obstruction was diagnosed if MRV re- 
vealed local stenosis of the venous sinuses (local filling defect, 
sudden thinning, and visualization of the distal end), thinning 
of a venous sinus to less than half of the normal diameter of 
the distal end in the same venous sinus (thinning observed 
over a long distance), or nonvisualization of the venous sinus- 
es at the site of transsinus fracture or transsinus hematoma. 

Systematic thrombolytic therapy with low-dose 
urokinase 

All patients diagnosed with CVFO were treated with uroki- 



nase, which was administered either within 48 hours after 
admission or 24 hours after surgery. The dosage of urokinase 
ranged from 20000 to 50000 U/day for children and from 
100000 to 400000 U/day for adults. Adult patients were also 
given antiplatelet aggregation treatment with oral aspirin 
(100 mg once daily in the evening) for 1-3 months after uro- 
kinase treatment was discontinued. For patients with a severe 
disease condition [ICP >400 mmFFiO (29.4 mm Hg) or non- 
visualization of the venous sinuses on 2D-TOF MRV, partic- 
ularly with regard to the superior sagittal sinus], and espe- 
cially those with depressed fracture, low-molecular-weight 
heparin calcium (6000 U, subcutaneous, twice daily) was 
given due to damage to the endothelial cells of the venous si- 
nuses. Clotting time and prothrombin time were closely 
monitored during the treatment. The dose and duration of 
urokinase were adjusted dynamically with reference to im- 
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provement in clinical symptoms and reduction of ICP (meas- 
ured by lumbar puncture). The patients were monitored in- 
tensively during hospitalization. Their response to urokinase 
therapy was checked on days 10-15 after the initial dose, and 
then again on day 45. After discharge from hospital, they 
were usually followed up monthly for at least 3 months. 

Treatment of mechanical compression 

For patients with transsinus depressed fracture, especially with 
a depression depth of >0.5 cm, urgent surgical intervention 
was performed to relieve the compression and repair any dam- 
Table 1 . Patient demographics and clinical characteristics 



age to the venous sinuses. Patients with mild hematoma did 
not require specific treatment. Patients with severe hematoma 
(hemorrhage volume of about 15 mL) could be treated with 
twist-drill drainage followed by injection of urokinase for clot 
lysis; if the hemorrhage volume was >20 mL and the patient's 
clinical signs or symptoms persistently deteriorated, hemato- 
ma evacuation was performed by decompressive surgery. 

Statistical analysis 

Data were analyzed using SPSS 15.0 statistics software (SPSS 
Inc., Chicago, IL, USA). Continuous data are presented as 



Clinical characteristics 

Age, y 
Gender 

Male 

Female 
Types of transsinus fracture 

Transsinus linear fracture 

Transsinus depressed fracture 

Transsinus fracture and epidural hematoma 
Clinical parameters 

Duration of treatment, d 

Dose of urokinase, xio 4 U/d 

Total dose of urokinase, xio 4 U 

Surgery 

Hospital days 

Total mortality 
Scales on admission 

GCS 

ISS 

GOS 
ICP, mmH 2 0 

Scales at the time of diagnosis of cerebral 
venous flow obstruction 

GCS 

ISS 

GOS 
ICP, mmhfeO 

Anatomic distribution of involved venous sinuses 

Superior sagittal sinus 

Left transverse sinus or sigmoid sinus 

Right transverse sinus or sigmoid sinus 

Torcular Herophili or multiple cerebral venous 
sinus thrombosis 
Obstruction extent 

Local stenosis of venous sinuses 

Thinning of venous sinuses 

No visualization of venous sinuses 



Early diagnosis group (n=338) 
34.8±16.7 

251 (74.3%) 
87 (25.7%) 
n=338 
203 (60.1%) 
1 10 (32.5%) 
25 (7.4%) 
n=194 
11 ±4.2 
12.0±5.5 
138.8± 105.7 
40/338(11.8%) 
29.5±13.4 
8/338 (2.4%) 
n=338 
12.5+2.3 
18.5+10.3 
4.3±0.4 
220.4±78.2 
n=194 

12.3±2.6 
18.4±10.1 
4.4±0.5 
236.6±89.8 

n=194 
28 (14.4%) 
101 (52.1%) 
60 (30.9%) 
5 (2.6%) 

n=194 
84 (43.3%) 
90 (46.4%) 
20 (10.3%) 



Delayed diagnosis group (n=65) 
37.2±12.8 

42 (64.6%) 
23 (35.4%) 

n=65 
36 (55.4%) 
20 (30.8%) 
9 (13.8%) 
n=27 
16±5.6 
15.6±7.2 
265.4±85.5 
13/65 (20.0%) 

36.5±18.2 
7/65 (10.8%) 
n=65 
13.0+1.7 
16.8±9.3 
4.2±0.8 
228.2±65.2 
n=27 

9.7±3.4 
16.5±8.8 
4.2±0.6 
355.0±91.5 
n=27 

13 (48.1%) 

4 (14.8%) 
8 (29.6%) 
2 (7.4%) 

n=27 

5 (18.5%) 
8 (29.6%) 

14 (51.9%) 



p value 
0.273 
0.148 



0.230 



O.001* 
0.002* 

<0.001* 
0.074 
0.016* 
0.001 

0.096 
0.217 
0.130 
0.451 



<0.001* 
0.354 
0.059 

<0.001* 
0.027* 

<0.001* 



<0.001* 



'Significantly different between groups (p<0.05). 

GCS: Glasgow Coma Scale, GOS: Glasgow Outcome Scale, ICP: intracranial pressure, ISS: Injury Severity Scale. 
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mean±SD values, and categorical data as n (%) values. The 
two-sample ?-test was performed to compare differences be- 
tween groups for continuous data, and the Pearson chi-square 
test was performed to compare difference between groups 
for categorical data. Fisher's exact test was also considered if 
there were fewer than five cells. Statistical assessments were 
two-tailed and considered significant at p<0.05. 

Results 

Patient demographics and clinical characteristics 
in the two study groups 

The demographics and clinical characteristics of the 403 pa- 
tients enrolled in this study are presented in Table 1 . There 
were no significant differences between the early-diagnosis 
(n=338) and delayed-diagnosis (w=65) groups with respect to 
mean age (34.8±16.7 years vs. 37.2±12.8 years, p=0. 273), 
gender (male/female, 251/87 vs. 42/23; p=0.148), types of 
transsinus fracture (transsinus linear fracture, 203 vs. 36 cases; 
transsinus depressed fracture, 110 vs. 20; and transsinus frac- 
ture and epidural hematoma, 25 vs. 9; />=0.230), baseline eval- 
uation scales on admission (GCS: 12.5+2.3 vs. 13.0±1.7, p= 
0.096; ISS: 18.5±10.3 vs. 16.8±9.3,p=0.266; and GOS: 4.3± 
0.4 vs. 4.2±0.8,jD=0.130), or ICP (220.4±78.2 vs. 228.2± 
65.2 mmH 2 0, p=0352). However, at the time of CVFO di- 
agnosis, GCS score (12.3±2.6 vs. 9.7±3.4,/?<0.001) and ICP 
(236.6±89.8 vs. 355.0±91.5 mmH 2 O,/?<0.001) were signifi- 
cantly worse in the delayed-diagnosis group than in the ear- 



ly-diagnosis group. 

After MRV/CTV examinations, a diagnosis of CVFO was 
made in 194 early-diagnosis patients and 27 delayed-diagno- 
sis patients. In addition, the incidence of CVFO was corre- 
lated with the type of skull fracture (X =63.364, contingency 
coefficient C=0.369,/?<0.001). Regardless of the grouping of 
the study population, CVFO was found in 92 patients (38.5%) 
with transsinus linear fracture alone, 102 (78.5%) with trans- 
sinus depressed fracture, and 27 (79.4%) with transsinus frac- 
ture and epidural hematoma. Although the incidence of CVFO 
was markedly lower in the delayed-diagnosis group than in 
the early-diagnosis group (41.5%, 27/65 vs. 57.4%, 194/338; 
p=0.027), the extent of the obstruction was much more seri- 
ous in the former (local stenosis of venous sinuses, 18.5% vs. 
43.3%; thinning of venous sinuses, 29.6% vs. 46.3%; and no 
visualization of venous sinuses, 51.9% vs. 10.3%; /?<0.001). 
MRV/CTV visualization of the venous sinuses, stenosis of 
which was the most serious condition, was not possible in 
about half of the patients with CVFO. In addition, there was 
no significant difference between the study groups with re- 
gard to the extent of the obstruction in the right transverse si- 
nus (p=0.054) or the presence of a sigmoid sinus or torcular 
Herophili (p=0.792) (Table 2). However, the ratio of the most 
serious CVFO characterized by nonvisualization of venous 
sinuses seemed to be much higher for the superior sagittal si- 
nus (8/13 vs. 5/28, />=0.019) and the left transverse sinus or 
sigmoid sinus (2/4 vs. 6/101, p=0. 005) in the delayed-diag- 
nosis group than in the early-diagnosis group. Moreover, the 



Table 2. Distribution and obstructive extent of cerebral venous flow obstruction in both groups 



Clinical factors 


Total 


Local stenosis Thinning of venous 
of venous sinuses sinuses 


No visualization 
of venous sinuses 


p value 


Early diagnosis group 












n 


194 


84 


90 


20 




Superior sagittal sinus 


28 


16 


7 


5» 


0.039* 


Left transverse sinus or sigmoid sinus 


101 


44 


51 


6' 


0.097 


Right transverse sinus or sigmoid sinus 


60 


31 


22 


7 


0.189 


Torcular Herophili or multiple cerebral 


5 


1 


2 


2 


0.079 


venous sinus thrombosis 












Surgically treated* 


40 


16/84 (19.0%) 


16/90 (17.8%) 


8/20 (40.0%) 


0.076 


Delayed diagnosis group 












n 


27 


5 


8 


14 




Superior sagittal sinus 


13 


3 


2 


8 


0.293 


Left transverse sinus or sigmoid sinus 


4 


1 


1 


2 


0.931 


Right transverse sinus or sigmoid sinus 


8 


1 


4 


3 


0.322 


Torcular Herophili or multiple cerebral 


2 


0 


1 


1 


0.703 


venous sinus thrombosis 












Surgically treated 8 


13 


0/5 (0.0%) 


1/8 (12.5%) 


12/14 (85.7%) 


O.001* 


'Significantly different as comparing among venous sinuses (p<0.05), 


'Significantly different as comparing between early diagnosis 



group and delayed diagnosis group (p<0.05), 'Correlation between surgical treatment and obstructive extent of cerebral venous 
flow obstruction in early diagnosis group, x 2 =5.161, p=0.076, contingency coefficient C=0.161, ^Correlation between surgical treat- 
ment and obstructive extent of cerebral venous flow obstruction in delayed diagnosis group, x 2 = 16.629, p=0.000, contingency coeffi- 
cient C=0.61 7. 
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results revealed a statistical correlation between the risk of 
requiring surgery and the extent of venous sinus obstruction 
in the delayed-diagnosis group (% 2 =16.629, contingency co- 
efficient C=0.617, /?<0.001) but not in the early-diagnosis 
group (x 2 =5.161, contingency coefficient C=0.161,/?=0.076). 

Comparisons of the therapeutic effects 
of thrombolytic therapy with low-dose 
urokinase between the two study groups 

Cerebral venous flow obstruction patients in the delayed-di- 
agnosis group were given a greater dose of urokinase (265. 4± 
85.5xl0 4 U vs. 138.8±105.7xl0 4 U^O.OOl) for thrombo- 
lytic therapy, were significantly more likely to require surgery 
(13/27, 48.1% vs. 40/194, 20.6%; p=0.003), and had a higher 
mortality (7/65, 10.8% vs. 8/338, 2.4%; p=0.001) compared 
with those in the early-diagnosis group. The durations of treat- 
ment were 11.0±4.2 days (range: 2-28 days) and 16.0±5.6 
days (range: 7-25 days) in the early and delayed-diagnosis 
groups, respectively (/?<0.001), and the urokinase dosages 
were 12.0±5.5x 10 4 U/day (range: 2-40x 10 4 U/day) and 15.6± 
7.2xl0 4 U/day (range: 5-40xl0 4 U/day), respectively (p= 
0.002) (Table 1). 

After the diagnosis of CVFO and subsequent thrombolytic 
therapy with low-dose urokinase, most patients in both study 
groups exhibited both functional recovery and neuroradiologi- 
cal improvement. Urokinase thrombolysis was well tolerated. 
Eighteen patients died, the majority as a result of brain hernia 
(12 cases) and the rest from a massive cerebral infarction (6 
cases). The overall mortality rates were 2.4% (8/338) and 
10.8% (7/65) in the early and delayed-diagnosis groups, re- 
spectively (p=0.001) (Table 1). All of the surviving patients in 



both of the study groups achieved a satisfactory recovery, as 
demonstrated by significantly resolved clinical symptoms, 
normalized ICP, and increased GCS and GOS scores (Table 3). 

Neuroradiological outcomes of all patients 
as determined at the time of discharge 

The early-diagnosis group included 74 patients with CVFO 
who were followed up with MRV prior to discharge. Nine- 
teen patients were followed up twice with MRV (once prior 
to discharge and then again 1 month thereafter), and nine 
were followed up three times with MRV (prior to discharge, 
and then 1 and 3 months thereafter). In the delayed-diagnosis 
group, 15 patients were followed up adequately at the time 
of discharge, and 7 patients were followed up for as long as 
3 months after discharge. The main reason for losing patients 
to follow-up was lack of motivation to visit the clinic for a 
follow-up assessment due to improvement of clinical symp- 
toms. Furthermore, some of the patients lived some distance 
from our hospital and so chose to be rechecked in their local 
hospital. The results of the MRV examination at the time of 
discharge are given in Table 3. Improvement in CVFO was 
observed in more than 80% of the patients in both study 
groups. Characteristic neuroradiological images obtained from 
three patients who suffered from severe CVFO resulting 
from transsinus linear fracture, transsinus depressed facture, 
and transsinus epidural hematoma are shown in Figs. 2-4. 

Discussion 

The clinical significance of early diagnosis and management 
for CVFO for patients with traumatic brain injury and corn- 



Table 3. Clinical parameters and 2D-TOF MRV re-examination at the time of discharge 



Results 

Therapeutic effect on venous sinus flow obstruction 
Good, recanalization of venous sinus 
Improvement, recanalization but thin sinus 
Improvement, slight enlargement of sinus 
Improvement, establishment of collateral circulation 
No evident changes, but improvement of intracranial 
pressure following thrombolytic therapy 
Deterioration, but improvement of intracranial pressure 
following thrombolytic therapy 

Other clinical factors' 
AGCS 
AISS 
AGOS 

AICP, mmH 2 0 



Early diagnosis group 
(n=74) 

45 (60.8%) 

4 (5.4%) 

9 (12.2%) 

2 (2.7%) 
12 (16.2%) 

2 (2.7%) 



1.6±0.4 
-5.8±3.2 
0.7±0.2 
-98.2±63.8 



Delayed diagnosis group 
(n=15) 

10 (66.7%) 
3 (20.0%) 

0 (0.00%) 

1 (6.7%) 
1 (6.7%) 

0 (0.00%) 



3.4±1.2 
-2.4±1.4 
0.4±0.1 
-172.5±28.5 



p value 
0.218 



<0.001* 
<0.001* 
O.001* 
<0.001* 



'Significantly different between groups (p<0.05), 'Scales were calculated the mean change from pre- to post-therapy. 
2D-TOF MRV: 2D time-of-flight magnetic resonance venography, GCS: Glasgow Coma Scale, GOS: Glasgow Outcome Scale, ICP: in- 
tracranial pressure, ISS: Injury Severity Scale. 
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CT imaging (axial views) 




Fig. 2. Urokinase treatment for throm- 
bosis of the left transverse sinus and 
sigmoid sinus in a traumatic-brain-injury 
patient. The CT images in the top row 
show multiple linear fractures in the oc- 
cipital bone (yellow arrows). The MRI 
images in the middle row show throm- 
bosis of the left transverse sinus and 
sigmoid sinus before urokinase treat- 
ment (red arrows). The MRV image does 
not allow visualization of the left trans- 
verse sinus, sigmoid sinus, or internal 
jugular vein; however, a considerable 
collateral circulation is evident. The MRI 
images in the bottom row show the dis- 
appearance of CVST (red arrows). The 
MRV image shows satisfactory recana- 
lization of the left transverse sinus, sig- 
moid sinus, and internal jugular vein, 
and disappearance of the collateral cir- 
culation (blue arrow). CVST: cerebral 
venous sinus thrombosis, MRV: mag- 
netic resonance venography. 



plicated transsinus fractures was investigated by comparing 
the effects of therapy on two groups of patients with different 
chronological diagnosis schedules. The results suggest that 
the CVFO was much more severe (/K0.001) in the early -di- 
agnosis group than in the delayed-diagnosis group, and as a 
result the latter patients were given a greater dose of uroki- 
nase for thrombolytic therapy. Delayed diagnosis resulted in 
a significant increase in the risk of requiring surgery and a 
higher mortality. However, after thrombolytic therapy with a 
low dose of urokinase, patients in both groups had a favor- 
able prognosis not only with respect to functional outcome, 
but also for neuroradiological outcome (as evaluated by MRV/ 
CTV examination at their final follow-up). 

Cerebral venous flow obstruction is commonly character- 
ized by interruption of blood flow signals, filling defects, or 
irregular stenosis. 7 These neuroradiological abnormalities 
can be determined by DSA, which is the current gold-stan- 
dard method of detecting the circulation status of the cerebral 
arteries and veins. DSA imaging may reveal stenosis of the 



intracranial venous sinuses, slight or no visualization, thick- 
ening or dilation of the cortical veins, and a prolonged circu- 
lation time in arteries and veins. 13 However, because it is an 
invasive technique and requires the patient to submit to local 
anesthesia, newer neuroradiological techniques such as MRV 
and CTV are increasingly being used for the diagnosis of 
CVST and CVSS. 14 " 16 DSA is also more time-consuming than 
2D-TOF MRV and so is not suitable for prompt management 
if the disease condition changes. A recent study compared 
time-resolved imaging of contrast kinetics MRV with 2D- 
TOF MRV and 3D contrast-enhanced MRV to assess which 
technique was better for visualizing normal cerebral veins 
and dural venous sinuses. 10 It was found that time-resolved 
imaging of contrast kinetics MRV was comparable to 3D con- 
trast-enhanced MRV and provided better visualization than 
2D-TOF MRV. Therefore, although one advantage of 2D-TOF 
MRV is that it does not require contrast enhancement, thus 
reducing the risk of unexpected situations in patients with 
severe trauma, a disadvantage is that it does not provide op- 
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Fig. 3. Urokinase treatment for throm- 
bosis of the superior sagittal sinus in a 
traumatic-brain-injury patient. The CT 
images in the upper row show a de- 
pressed fracture in the middle of parietal 
bone before surgical treatment (yellow 
arrows). MRI images show the com- 
pression of a depressed fracture on the 
superior sagittal sinus before urokinase 
treatment (red arrows). The MRV image 
shows nonvisualization of the superior 
sagittal sinus. The CT images in the low- 
er row show the repositioning of the frac- 
ture after surgery. The MRI images show 
that compression has been relieved (red 
arrows). The MRV image shows satis- 
factory recanalization of the superior 
sagittal sinus after surgery and urokinase 
treatment (blue arrow). MRV: magnetic 
resonance venography, UK: urokinase. 




Fig. 4. Recanalization of the right transverse sinus and sigmoid sinus in a patient with transsinus epidural hematoma after urokinase throm- 
bolysis. Images were obtained from a female patient who had suffered a traumatic brain injury 3 hours before admission. Plain CT scans 
revealed an epidural hematoma crossing the right transverse sinus and sigmoid sinus (A). She received emergent twist-drill drainage for 
evacuation of an epidural hematoma on admission. Thereafter, the hematoma was gradually evacuated to relieve the mechanical compres- 
sion (B). However, she still complained of persistent headache and occasional vomiting. A lumbar puncture was performed, which revealed 
a pathologically high ICP (300 mml-feO) and suggested the presence of CVFO. Subsequent CTV and MRV examinations revealed nonvisu- 
alization of the right transverse sinus and sigmoid sinus (C, E). This patient was given thrombolytic therapy with urokinase at a dosage of 
100000 U/day. After 3 days of this medication her clinical symptoms were totally alleviated and her ICP had decreased to 115 mml-bO. 
Subsequent reexamination with CTV and MRV suggested that the involved venous sinuses had recanalized (D, F). CVFO: cerebral venous 
flow obstruction, CTV: CT venography, ICP: intracranial pressure, MRV: magnetic resonance venography, UK: urokinase. 




timal visualization of veins and venous sinuses. In the pres- 
ent study, 2D-TOF MRV revealed interruption of blood flow 
signals in venous sinuses and at the narrowed sites, which 
are usually found at the sites of fracture or hematoma. This 
suggests that a thrombus is more likely to form at the site sub- 
jected to the highest external force, which is directly related 
to the damage to the endothelial cells of the venous sinuses. 
In addition, in depressed fracture, the fractured bone may 



press against or even pierce into the brain tissue, which to- 
gether with pressure from epidural hematoma comprise the 
risk factors for CVFO. For patients with these conditions, ear- 
ly diagnosis with MRV is essential. Once CVFO is present, 
the depressed bones should be repositioned as soon as possi- 
ble and the epidural hematoma should be removed so as to 
relieve the mechanical pressure on the cerebral venous sinuses. 
Furthermore, congenital variations in the venous sinuses, 
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such as asymmetric lumen and interruption of blood flow, 
occur in 24% of the normal population, with 90% of them 
found in the transverse sinuses of the nondominant hemi- 
sphere. 17 Given that an asymmetric lumen and interruption of 
blood flow are features used in the diagnosis of CVFO follow- 
ing traumatic brain injury, the diagnostic criteria for CVFO 
should be well designed so that there is sufficient capability 
to simultaneously distinguish between congenital variations 
of the venous sinuses and potential CVFO. In the present 
study, CTV was performed in addition to MRV in order to 
decrease the likelihood of false-positive results and increase 
the accuracy of the diagnosis of CVFO. In our opinion, the 
goal of treatment for traumatic brain injury is to help patients 
to survive the brain edema stage while avoiding cerebral her- 
niation or other life-threatening complications due to the in- 
creased ICR Relief of venous-sinus obstruction is thus a key 
step in the comprehensive treatment of traumatic brain injury; 
it is beneficial for early intervention in CVFO and avoidance 
of cerebral herniation or other life-threatening complications 
due to malignant intracranial hypertension following throm- 
bosis progression. 

The value of thrombolytic therapy with urokinase for pa- 
tients with CVFO appears to be controversial. 18 " 20 A systemat- 
ic review" found that although safe, there was a lack of evi- 
dence that urokinase was beneficial; however, the clinical 
effect of thrombolytic therapy has been demonstrated in both 
case reports and case series. 20,21 The results of the present 
study suggest that early diagnosis and early administration of 
low-dose urokinase and concomitant dehydration (for treat- 
ing hematoma/hydrocephalus and to reduce the ICP) can ef- 
fectively halt the malignantly progressing intracranial hyper- 
pressure and improve the microcirculation status. Moreover, 
low-dose urokinase is extremely unlikely to cause intracrani- 
al hemorrhage (prevalence of 1 .03% in the present study), 
demonstrating that urokinase thrombolytic therapy is both 
well tolerated by patients and safe. 

The disease status should be closely monitored during uro- 
kinase treatment. Levels of coagulation factors can be mea- 
sured in a timely manner to avoid the severe consequences of 
intracranial hemorrhage. For patients requiring depressive 
craniotomy, fresh plasma and cryoprecipitate may be applied 
before surgery to counter the effects of urokinase; hemostat- 
ics including para-aminomethylbenzoic acid are not recom- 
mended because of the risk of thrombosis. After surgery, lev- 
els of coagulation factors are measured at 8 -hour intervals; 
urokinase thrombolytic therapy should not be administered 
until the endogenous coagulation factors return to normal 
levels. Only two of the patients in this study developed a sec- 
ond intracranial hemorrhage after urokinase treatment. The 
present findings suggest that urokinase is safe for patients with 



CVFO only if coagulation function is monitored closely. The 
dose of urokinase and duration the treatment should be deter- 
mined on the basis of recovery of clinical symptoms and re- 
duction of ICP (as assessed by lumbar puncture). 

The advantages of early diagnosis and early application of 
low-dose urokinase for treatment of CVFO are 1) avoidance 
of high-dose urokinase-induced intracranial hemorrhage, 12 2) 
protection from thrombosis-progression-induced severe con- 
sequences, 3) improvement in the blood flow in the veins and 
venous sinuses, and 4) reduction of the pathological increase 
in ICP. This therapy provides an important method for low- 
ering ICP in the comprehensive treatment of CVFO. 

There is a large space available for supratentorial compen- 
sation. A parietal transsinus epidural hematoma usually causes 
displacement of the sinus sagittalis superior and obstruction 
of venous return, but seldom results in complete obstruction of 
the venous sinuses. Simple transsinus fracture seldom causes 
thrombosis of the sinus sagittalis superior. 8 - 22 - 23 In contrast, 
only a small space is available for infratentorial compensation, 
and a transsinus epidural hematoma usually causes thrombo- 
sis of the transverse sigmoid sinus. It is difficult to establish 
a collateral circulation rapidly following thrombosis of the si- 
nus sagittalis, and the venous return usually passes through the 
potential cortical veins into the transverse sinus or deep drain- 
age veins, often causing a malignant increase in ICR 24 Once 
a unilateral thrombosis is formed in the transverse sigmoid 
sinus, compensation may occur via the contralateral sinuses. 
Therefore, the increase in ICP may be not evident and a ma- 
lignant increase in ICP is seldom detected. In a middle parie- 
tooccipital fracture, and especially a depressed fracture, 
thrombosis at the posterior two-thirds of the sinus sagittalis 
superior and subsequent malignant increase in ICP should be 
prevented. The recovery of CVFO is usually obtained by 1) 
recanalization of the venous sinus, 2) enlargement of the cali- 
ber of the venous sinuses, 3) establishment of a collateral cir- 
culation, and 4) compensation by the contralateral sinuses. In 
the present study it was also found that the compensation-en- 
hanced venous flow in the contralateral sinuses in patients 
who suffered from CVFO induced by a unilateral thrombosis 
of the transverse sigmoid sinus may become low, with accom- 
panying changes in hemodynamics following recanalization 
of the affected transverse sinus. 

Together the present findings indicate that attention should 
be paid to CVFO following traumatic brain injury, especially 
in patients with concomitant transsinus epidural hematoma 
or transsinus depressed fracture. Early diagnosis is needed 
for timely treatment in individual patients. Prompt surgical 
intervention to relieve mechanical pressure is recommended. 
The results further suggest that venous administration of 
low-dose urokinase is a key strategy for improving the over- 
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all prognosis. 
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